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OXIDATION-REDUCTION POTENTIAL OF THE CU(III)/CU(II)
SYSTEM IN ALKALINE SOLUTIONS
G. I. Rozovskiy and A. K. Misyavichios /13
Abstract
Potentials of barium and sodium cuprate coatings, obtained
by an electrochemical method on platinum, and in isolated
cases, on copper, were measured. It was shown that the

stationary potentials were the same in the case of toth
cuprates.

In 17-0.1 N NaOH solutions, the following dependencies were
established: at 5oC E = 0.77 - 0.52 lgaoid-, at 250C
E=0.74 - 0.060 1gaou-. In 10-1-10-3 N NaOH solutions, the
slope slope coefficient for a linear dependence of the potential

on pH is equal to (3/2) » (2.303RT/F). Upon addition of
cuprite, the measured stationary potential complies with the

dependence E = E1 - (2.303RT/F)1lga(ck + ¢ -
- (2.303RT/F)lgaon-, where S i C%ﬂ%I&onoeggfg%lon of

the added divalent copper, ana(g;éu I is the concentration
of the species formed upon reductloé o% trivalent copper.
Possible variations of potential determining reactions were
discussed.
Article

The values of oxidation potentials of trivalent copper, computed on
the basis of indirect data {1-4], as well as those obtained by means of an
analysis of potential-time curves [5, 6], vary greatly.

Two works are known in which the results of direct measurements of
potentials of some compounds of trivalent copper are presented. Columbo
[7] measured the potentials of tellurate and periodate solutions of
trivalent copper. Dailey [8] measured potentials of trivalent copper

compounds in 0.005-1 N NaOH, based on the opinion of [9] on potentials of



barium cuprate.l Measurements of potentials in work [8] occurred upon
mechanical contact of a platinum electrode with a mixture containing barium
cuprate (less than 15%), copper oxide, and also, apparently, barium and
sodium hydroxide.

The electrochemical methods developed by us previously for the
synthesis of cuprates [10, 11] allowed the contact of a solid cuprate with
an indicator electrode necessary for measuring potentials by means of
anodic deposition of cuprates on platinum and copper.

In this work, the effect of the alkalinity of the medium on the
stationary potential of sodium and barium cuprates in the range of 10-3-17
N NaOH, additions of cuprite, and temperature was studied.

1. Experimental part /74

An anodic coating of platinum with sodium cuprate was conducted in a
13 N solution of NaOH containing 10-13 g/1 Cu(II) in the form of a cuprite
solution. The cuprite solutions were prepared by means of dissolution of
Cu(OH)z in alkali with successive centrifugation. A smooth platinum sheet
with an area of 2 or 1 cm?, which had been washed with nitric acid, served
as the anode. The anodic region was separated from the cathodic region by
a diaphragm. Electrolysis was conducted over the course of 20-30 minutes
at room temperature at Da = 200 pA/em2. As a result, the platinum anode
was coated with dense orange cuprite, at a higher or lower current density
and at a higher temperature, the quality of coating of trivalent copper is

worse, or the coating is not obtained at all. For example, with an

1Tn preceding works for the identification of anionic compounds, we used
Werner nomenclature. In comnection with this new project, the nomenclature
of anionic compournids of trivalent copper in this work will be cuprate, for
trivalent compounds, and cuprite, for divalent.
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increase in current density, a more intense isolation of oxygen causes a
deterioration of the coating. An insufficiently clean platinum ancde is
poorly coated with cuprate.

Upon coating of the platinum with barium cuprate, a mixture of 1 part
saturated barium hydroxide solution at 40-50°C and 2 parts of the above
described cuprite solution served as the electrolyte. Precipitates of
barium cuprate are brownish-violet, more rusty, and binding with the
platinum is weaker, than in the case of sodium cuprate. The composition of
the electrochemically synthesized barium cuprate is studied in [11].

On copper, we succeeded in obtaining only barium cuprate. The coating
was obtained upon anodic oxidation of a copper sheet (5 cm) in a warm
saturated solution of Ba(OH)2 at Da =~ 0.04 A/cm2.

The obtained coating was washed several times with alkali solutions
and placed in a cell for measuring the potential. The concentration and
temperature of the alkali used for washing the coating was the same as in
the measurement cell. Upon the use in the measurement cell of a less
concentrated alkali solution (<1 N) a relatively porous coating of barium
cuprate containing barium hydroxide in the pores and on the surface, and
possibly, sodium hydroxide, was quickly washed in distilled water before
washing in corresponding alkali solutions. In the opposite case, the pH of
the layer near the electrode could not correspond with the pH of the
solution.

For measurement of the dependence of potential on the concentration of
Cu(II), freshly prepared solutions of a cuprite, Na2Cuo2Z, were used.

A saturated calomel electrode served as the reference electrode, and

the circuit was completed with a saturated KCl solution. Substitution of



potassium chloride in connection with a saturated solution of sodium
nitrate has almost no effect on the results of the measurement. An
addition of carbonates to the alkali does not affect the value of the
potentials either, therefore the measurements were conducted in an open
cell.

For evaluation of the value of diffusion potential, the potential of
the circuit, composed of a mercury-mercuric oxide electrode was measured in
a 1 N solution of NaOH, and a saturated calomel electrode with potassium
chloride completed the circuit. It was found, that the potential of the
mercuric oxide electrode was higher by 5-6 mV in its intrinsic potential
(measured by a hydrogen electrode). Thus, the value of diffusion potential
in this case is negligible.

Measurements of potential differences were conducted using the
"Dupasar" pH/mV meter. The value of the scale division of the
millivoltmeter is 2 mV, however the potential on the scale can only be
fixed with a precision of up to 1 mV.

All experiments were repeated many times. It follows to note that the
results of measurements depended to some degree on the quality of the
coatings. If the platinum was only partially coated with the cuprate, the
results obtained were decreased somewhat.

Experiments showed that upon mechanical contact of the platinum
electrode with barium cuprate, the potential in 1 N NaOH is close to that
measured in work [8] and is noticeably lower than the potential of the
corresponding electrochemical coating.

A coating of sodium cuprate under conditions of lower alkalinity was

dissolved well enough and the values of the potentials dropped. Upon



measurenents of sodium cuprate potentials in NaOH solutions with a /75
concentration less than 4 N at a temperature of 50C, and less than 4N at a
temperature of 250C, the potential dropped continuously. Upon work with a
barium cuprate coating, a stable potential can be obtained in NaOH
solutions with much lower concentrations.

The data presented in Fig. 1 shows that in alkaline NaOH solutions
above 0.1 N, a stable potential is established more quickly in less
alkaline solutions, and at a concentration of NaOH solutions of less than
0.1 N, the potential of barium cuprate is established more quickly in the
more alkaline solution. Judging from the data presented below, this,
apparently, is connected with the fact, that for an alkalinity of above and
below 0.1 N, the potential determines different reactions. The stationary
potential is established more quickly with the growth of temperature and
upon addition of cuprite. Usually in the prestationary state, a growth in
potential is observed, however, upon the addition of significant quantities
of cuprite, the potential drops.

It was established that at the platinum and copper anodes, the values
of stationary potentials for trivalent copper are the same: upon coating
of the platinum with barium cuprate, the potential in a 1 N NaOH solution
at 5°C is equal to 777 mV (by a hydrogen electrode), and upon coating of
the copper electrode - 778 mV.

Upon addition of a small quantity of cuprite to the alkaline solution,
the stationary potential hardly changes, upon a relatively significant
addition, however, the dependence closely conforms with to the Nernst

equation, and the changes correspond to a single electron transfer (Fig. 2,
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Such a dependence, most probably, was caused by the fact that in the
potential determining electrode layer, aside from an addition of NazCu(z,
there are anions of divalent copper, forming as a result of the reduction

of trivalent copper. Their concentration could be computed based on the
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Fig. 1. Characteristic changes

of the stationary potential over
time. Barium cuprate, te - 5°C,
alkalinity of the NaOH solution, N:
1-0.001, 2-0.01, 3-0.1, 4 - 2.
Sodium cuprate, te - 5°C, alkalinity
of the solution, N: 6 - 8, 6 - 10,

7 - 13; to - 250, alkalinity of Fig. 2. Dependence of the value
the solution, N: 8 - 10, 9 - 13, of the stationary potential of
Sodium cuprate, te ~ 3°C, solution sodium cuprate in a 13 N NaOH

alkalinity 13 N, addition of solution at 58C en; +1ck
WAz6ubz +1d0nZ. 10 - 102, 11 - 10°2,  ogu rpy o - B T eun

obtained experimental data, assuming, that for the value of this
concentration and the ionic concentration of trivalent copper in the

staticnary phase of cuprite addition there is little effect.



On the basis of calculations, the following equation is set forth:

(1)

2 303 RT  2,303RT ’ o 2,303 RT
E Eo+ gt an—"7F Ig (ctaany+ cca a0)™* — =5 lg as _,

where E is the measured stationary potential, ccu(I11) is the concentration
in the stationafy rhase of trivalent copper anions, c¥Cu(ll) is the
concentration of divalent copper anions in the electrode layer, formed for
trivalent, ccu(i1) is the concentration of the added divalent copper, aoH
is the hydroxyl ion concentration.

As occurs from the dependencies presented below, in an alkalinity
range of 0.1-17 N NaOH, n2, n3, z2, z3 = 1.

This could mean that

2,303 RT o
Eo + —nl_ lg Cu (IH) El' (2)

Then

2,303 RT

9 303 RT N -
L 18 (ctu an +ccu (n)) -5 lgag,-. (3)

E=E,—

From here, in the limits of a similar alkalinity for any two
concentrations of added cuprite, for example c’cu(ll) and c'cu(ll), various

stationary potentials w1ll be observed

E—Er= P 303 RT , cta (T Cuan (4)
F c&u-an ¥ Ccum
Thus, - o
(E'—E"F
10 23R ET _ ctu any*CCu (5)
& an T Scuan
and reducing the value
(E-EOF
’ 2,303 RT
ot - cf:um)“‘Cu an’ 10 (6)
Cu( = (E—EDF .
10 2,303 RT _ 1

The values ckcu(l11) were computed from equation (8) for various

cCu(ll) pairs. By means of the substitution of aoH- into equation (3}, the



average values of ckcu(11), ccu(r1) and measured values of E corresponding
to them, were obtained and are presented in this table of Ei.

As is evident from Fig. 2, curve 2, the dependence of the measured
potential on the total quantity of divalent copper in the electrode /7
layer conforms to the Nerst equation. Thus, the calculations and above
presented discussions are confirmed.

The value of Ei1 is an indicator of the concentration of cuprate anions
in the stationary phase. There obtained values are found in complete
agreement with laws, which coincides with the stability of cuprates: the
solubility and stability of sodium cuprate are increased with a decrease in
alkalinity [12], barium cuprate, however, is practically insoluble, even in

very weakly alkaline solutions, and in comnection with this it is more

stable.

MMQMQM%DMLMLMLEW

2
!
[TokpuiTHe NaOH, ‘Cu(n)l ; E 35" o ‘Euar)l E,
H. B M.go,u; ] npu 5° B MMOAG[A B @
§°°

50 0,597 1,3 0,640
20 0,618 0,5 0,639
10 0,634 7.6 0,639
13 5 0,642 3,1 0,640

2 0,653 2,5 0,641
1 0,659 0,640

6

Kynpar Hatpus cpejde e 3 0'640.
50 0,643 75 0,664
10 S 0,681 6, 5 0,664
2 0,688 ’ 0,664
cpentHee 7 0,664

Kynpar Gapus 10 0,669 0.69 0,612
' 6 5 0,684 ’ 0,612

0,72

1 0,713 0,612
cpefiHee 0,7 0,612




Key: 1 - Coating; 2 ~ NaOH, N; 3 - in moles/1l; 4 - E in V (at 50C); 5 - E1
in V; 6 - Sodium nitrate; 7 - Barium nitrate; 8 - average

Substituting the average values of Ei into equation (3), the values of
the potential at ccu(ii) = 0 can be computed. The calculated values of the
potential of sodium cuprate in the absence of additions of cuprite in a 13
N solution of NaOH are equal to 0.779 V, in a 10 N solution - 0.783 V,
barium cuprate in a 6 N NaOH solution is, respectively, 0.786 V (at 5°C).
Thus, in all three cases very similar values were obtained. This data

gives evidence about the fact that in the stationary phase the relationship

of concentration o (II)/CCu (II) is almost a constant value, not /78

Table 2. Values of stationary potentials of cuprates in solutions with
different alkalinities _
NaOH, 2. E B s xynpara
! Aou— :
Na Ba
3 Mpu 5° C
13 112,45 0,660
10 40,90 0,685
8 18,72 0,701
6 8,34 0,716 0,722
4 3,66 0,739 0,740
2 1,39 0,757
1 0,67 0,777
101 0,077 0,831
10-* 0,01 0,904
5-10-* 0,005 0,928
10—3 0,001 0,984
‘f Ipu 25° C
17 246,50 0,545~
13 87,10 0,620
10 34,50 0,649
4 3,66 0,708
1 0,68 0,746
Key: 1 - NaOH, N; 2 - E in V for cuprate; 3 - At 50C; 4 - At 250C
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depending on the alkalinity of the solution and the solubility of trivalent
copper compounds. This constancy is confirmed by data of the dependence of
the potential on the concentration of hydroxyl ions (Fig. 3), and also in
particular in the fact, that the established values of the stationary
potentials of sodium cuprate and relatively insoluble barium cuprate in
solutions of the same alkalinity (without additions of NazCuQ2) are the
same (Table 2). The last fact, incidentally, shows, that in both cases the
potential determines similar ions. Therefore, it is likely that the
chemical structure of sodium and barium cuprate are the same.

Since the reduction of trivalent copper is an irreversible and
uninterrupted process, then attainment of a stable potential and the
mentioned constancy CCu(III)/bCu(II)’ noted in Fig. 1, is explained by the
fact that the increase in the electrode potential-determining layer
C*Cu(II) is limited in the stationary phase by the diffusion of divalent
copper into the bottom of the solution.

From Fig. 3 it is evident, that the measured potential is a linear
function of the pH with a different slope coefficient of alkalinity in
various intervals. Using data of Table 2 for calculations, we obtain the
following dependencies.

09
At 5°C in the alkalinity range of 0.1-13 N NaOH (section AB in Fig.
3) has the dependence:
E=0,77-0,052 1gao-.
(7)
As we see, the data of equation (7) approximately corresponds to the

above calculated values of the potential at 0.

Cou(In "
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At 250 in the alkalinity range of 1-17 N NaOH the dependence in
analogous to (7): 7
E=0,74— 0,060 1g aos_. ®
Thus, in the indicated alkalinity range, a half reaction of the
following type is observed:
oxidized form + e ==2  reduced form + OH-.
In the alkalinity range 0.001-0.1 N NaOH (section BC in Fig. 3) the
dependence of the potential on pH (at 50C) is expressed by the equation
E=0,74—0,081 Ig aoy_. 9
Here the slope coefficient already corresponds to 3/2 » (2.303RT/F) and has
the following half reaction type:

oxidized form + e- — reduced form + 3/2 OH-.

< . g

wre

{0r

08} 8

i i A F F A
H 3. /gaoﬂ,f3 0 1 DH

Fig. 3. Dependence of the stationary Fig. 4. Diagram E-pH from data
potential (overall for sodium and of this work - AB, work [7] - EC

barium cuptrates} on the alkalinity
of the solution at: 1 - 50C, 2 ~ 260C

If the experimental equation (9) is recalculated for 25¢C, then on the
basis of the dependencies found by Columbo [7]:
at pH=11-9 E =228 - 0.120 pH, (10)
at pH=9 - 4.5 E=172-0.060 pH (11)
12



and our data can lead to the general diagram E-pH (Fig. 4), which shows
that in principle the data of [7] and this work complement each other. In
view of the fact that in the cited work the dependencies presented were for
periodate and tellurate complexes of trivalent copper, Fig. 4 confirms the
opinion [7, 13] that these complexes dissociate to oxo- compounds in
solution (the dissociation is very weak), the ions of which are potential
280

determining. By the equations (10) and (11) determined by Columbo, the
potential determining reactions are described:

at pH=11-9  2H*+CuOj +e- = Cu(OH),, (12)

at pH=9-45 H* + HCuO, + e~ = Cu(OH),. (13)

By half reactions (7) and (8) the half reaction, apparently, can be
expressed in the form S
CuO; + H,0 +e~ 2 HCuO; +OH-.

(14)

Naturally, the half reaction mechanism does not have a place [7, 8] in

this case
Cu(OH), + e~ == Cu(OH), + OH-,

since it is known that in such concentrated solutions of alkali, divalent

copper dissolves relatively well and is found in solution in the form of an
anionic compound, that is, cuprite. The data presented in this work on the
effect of additions of NazCu0z on the oxidation-reduction potential
confirms the participation in the electrode reaction of such types of
anions. Inasmuch as with an increased valence of the metal the acidic
properties of hydroxide are strengthened, the combination of trivalent

copper should be more so with anionic compounds.

13



In 10-3-10-1 N solutions of NaOH, the potential can determine the
equation, derived from equations (14) and (12):
" CuO;y +H,0+e~ = HCuO; +OH- - O (14)
CuO; + 2H,0 + e~ == Cu(OH), + 20H - (12)
9CuO; + 3H,0 + 2¢- <= Cu(OH), + HCuO5 + 30H-. (19)

+

Thus, at first glance, there is a place for a regular series of
reactions: at 4.5 - 9 pH the potential determines the system of acidic
cuprate - copper hydroxide, at a pH of 9 - 11 - cuprate - copper hydroxide,
at pH > 13 - cuprate - acidic cuprite, and in the interval between the last
two ranges of alkalinity, a mixture of reactions, occuring in these two
ranges.

However, the strict linearity of the section BC excludes a mixed
reaction, as in this case on the right part of the section we should find
reaction (14) and the slope coefficient should be less than (3/2) o
(2.303RT/F), and on the left part - reaction (12) with a larger slope
coefficient.

A calculation of the free energy of the cuprate anion, derived from
equations (14) and (12) serves as the basis for an objection against the
above presented system of equations. The reactions were calculated from
equation (14) with the use of the value of potential from eqguation (8) and
data of [4], the value of the free energy of the Culz- ion is equal to 25.2
keal, at the time when the calculation from reaction (12) and equation (10)
give the result, equal to 32.7 kecal. BSuch divergences are possible only
due to error in the potential values in equations (8) or (10), exceeding

0.3 V. Similar errors are excluded (see Fig. 4). /81
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We can assume, that in the alkalinity range of 10-3-10-1 N NaOH the

potential determines the reaction type
HCu,0; + 3H,0 + 2¢~ == 2Cu(OH), + 30H". (16)

This reaction is not mixed and in this meaning does not contradict
experimental data. The oxidizing agent in this reaction is acidic
dicuprate. In principle, it does not preclude that compounds BaQ «Cuz0s
and Na20 ¢ Cu203 have a structure of the BaCu204 and NazCuz04 type and not
that of Ba(Cu02)2 and NaCUOz. Then instead of equation (14) the potential
can determine the reaction

Cu,05~ + 2H,0 + 2~ = 2HCuOj + 20H-. (17)
However, if this is conducted analogously with properties of borates (in a
weakly alkaline medium - polyborates B4O?--, in strongly alkaline - BOz2-),
then in a strongly alkaline medium the oxidizing agent is CuQz-, and
equation (14) remains in force. Generally, there is no principle
difference between these two reactions.

It is also possible, that equations (10) and (11) do not describe

reactions (12) and (13), but some other reaction.

O
Thus, it is impossible to give a single W]

answer on the potential determining reactions 076

of the studied system. 075
Experiments on the determination of the , , . .
10 20 t°C
effect of temperature on the potential of Fig. 5. The effect of tem-
perature on the stationary
of cuprate, conducted in a temperature potential of sodium cuprate.
Data was obtained in a 10 N
range of 5-250C, showed that the temper- NaOH solution and was reread
to aoH~ = 1.

ature dependence is linear (Fig. 5).

From equations (7) and (8) it follows that

15



(18)
E=0,74—1,5-10"% (= 25°.
2. Conclusions

1. The dependence of the potential of sodium and barium cuprate
coatings on platinum and copper on the alkalinty of solution and additions
of cuprite was studied.

2. In 17 - 0.1 N solutions of NaQH, a linear dependence between the
stationary potential of cuprate and the pOH with a slope coefficient of
(2.303)  (RT/F), arnd at 10-1-10-3 N NaOH - with a slope coefficient of
(3/2) * (2.303 « RT/F) was established.

3. Edquations were presented, showing that the effect of cuprite

additions at the stationary potential conform to the Nernst equation.

Institute of chemistry and chemical Presented
technology 5 Oct 1964
Academy of Sciences of the Lithuanian SSR

REFERENCES

1. K. B. Yatsimirskiy, Sb. statey po ohshchey khimii [A collection of
articles on general chemistry], 1, 200, Izd. AN SSSR, M.-L., 1953, ZhNKh,
8, 876 (1963).

2. 8. K. Jergesen, Acta chem scan., 10, 1505 (1958).

3. P. Pascal, Nouveau traite de chimie minerale, 3, Masson et ¢, Paris,
1957.

4. B. Latimer, Qkisliterl nyve sostovaniva elementov i ikh potentisialy v
vodnvkh rastvorakh {Oxidation states of elements and their potentials in
agueous solutions], IL, M, 1854.

5. R. W. Ohse, Z. phys. Chem (BRD), 21, 408, (1959).

6. A. M. Shams El Din, F. M. Abd El Wahab, Electrochim. acta, 9, 113,
(1964).

7. J. Coulombeaun, Etude des complexes periodiques et telluriques du cuivre
et de 1l argent trivalents. Theses, Universite de Nancy, 1955.

8. R. Delhez, Bull. Soc. roy sci. Liege, 30, 446 (1961).

9. R. Delhez, Bull. Soc. roy sci. Liege, 30, 531 (1981).

10. G. I. Rozovskiy, Trudy AN Litovskiy SSR, B. 4(35), 19 (1963).
16



11.  A. Yu. Prokopchik i G. I. Rozovskiy, Trudv AN Litovskoy SSR, B 3(26),
181 (1861).

12. G. I. Rozovskiy, and A. Yu. Prokopchik, Trudy AN Litovskiy SSR, B.
4(35), 11, 1963.

13. M. W. Lister, Canad. J. Chem., 31, 638 (1953).

17



Report Documentation Page

Nationat Aevonautics and
Space Administration

1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.
TT-20309

4, Title and Subtitle . 5. Report Date
OXIDATION REDUCTION POTENTIAL OF THE CU(III)/

. CU(II) SYSTEM IN ALKALINE SOLUTIONS AUGUST 1988

6. Performing Organization Code

7. Authorl(s) 8. Performing Organization Report No.

G. I. Rozovskiy and A. K. Misyavichios

10. Work Unit No.

9. Performing Organization Name and Address

National Aeronautics and Space Administration |- Contract or Grant No.
Washington, DC 20546 NASW-4307

13. Type of Report and Period Covered

12. Sponsoring Agency Name and. Address )
translation

NASA - LEWIS RESEARCH CENTER 14, Sponsoring Agency Code

15. Supplementary Notes

Transl. from RUSSIAN to ENGLISH of "Okislitel'no-vosstavnovitel'nyy
potentsial systemy Cu(III)/Cu(II) v shchelochnykh rastvorakh".
Lietuvos TSR Mokslu Akad. Darbai, Ser. B, Vol. 2, 1965, pp 73-82.

Transl. by SCITRAN, Santa Barbara, CA 93150.

16. Abstract
Potentials of barium and sodium cuprate coatings, obtained by an
electrochemical method on platinum, and in isolated cases, on copper,
were measured. It was shown that the stationary potentials were the
same in the case of both cuprates.

at_5°C E = 0.77-0.52 LgaoH-, at 25°C E = 0.74-0.060 lgaoH-. 1In 10 !-
10" ° N NaOH solutions, the slope slope coefficient for a linear
dependence of the potential on pH is equal to (3/2) - (2.303RT/F).
Upon addition of cuprite, the measured stationary potential complies
with the dependence E = E1 - (2.303RT/F)lga(c* . +.C -
(2.303RT/F) lgacH-, where Ceu(II is the conceng%é%{%n ofc%ﬁélgdded
divalent copper, and c* 1L the concentration of the species
formed upon reduction_ogué%{%alent copper.

Possible variations of potential determining reactions were discussed.

In 17-0.1 N NaOH solutions, the following dependencies were establishs

d:

17. Key Words {Suggested by Authori(s)) 18. Distribution Statement

unclassified-unlimited

19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of pages 22, Price
unclassified unclassified 19

NASA FORM 1626 OCT 86

I P PO PO TP RPTINY 1 L30T



